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THE RISE OF THE EXPERIMENTAL METHOD
BACON AND THE ROYAL SOCIETY OF LONDON*
JOHN F. FULTON
Ladies and Gentlemen of Sigma Xi:
I look upon it as a special honor to be invited to address you,
not alone because of your traditions of scholarship and scientific
attainment, but in particular because you are a body of men and
women who desire to increase natural knowledge by means of ex-
periment. I am in sympathy with those who believe this to be
the highest of human aims, and, when taken collectively, it repre-
sents the raison d'etre of a university. We are frequently asked
whether, as members of a great educational body, such as Yale, our
chief duty is to make new knowledge or to disseminate informa-
tion. I would answer without reservation that the former is our
primary objective, and that our capacity for disseminating knowl-
edge generally increases with the amount we add. In the broad
field of science experimentation has been the touchstone of dis-
covery. It is the common approach to all fundamental problems,
and the link which binds us in common enterprise. The rise of
the experimental method,therefore, lends itself appropriately to dis-
cussion.
Experimentation may be defined as a process by which ques-
tions are put to Nature in such a way that Nature can return a
prompt and decisive reply. The art of the experimenter is thus
twofold-he must select his questions and he must arrange things
suitably for Nature to answer them. Rarely are these two faculties
highly developed in one individual, and the great scientist is the
man who commands and cultivates both. Many ask fruitless ques-
tions and spend years and fortunes attempting to have them an-
swered. Others put questions pregnlant with meaning, but fail
to arrange things suitably for the reply. At the risk of stressing
the obvious I have mentioned these time-worn themes, for I feel
that one should think upon them whenever devising an experiment.
* From the Department of Phvsiology, Yale University School of Medicine.
Read at a meeting of Sigma Xi, December I7, I930, in the Sterling Hall of
Medicine, New Haven.YALE JOURNAL OF BIOLOGY AND MEDICINE
THE BEGINNINGS
Considered chronologically, experimentation began with primi-
tive man, and the greatest of all human discoveries, the making of
fire, though possibly stumbled on to by chance, led to experiments
that had a far-reaching influence on the progress of human culture.
In historical times certain biological experiments are known to have
been carried out in Alexandria by Erasistratus and by Herophilus,
and a few are described by Aristotle, but it is usual to state that
Galen, the private physician of Marcus Aurelius, was the founder
of the experimental method. Born at Pergamum in A.D. I3I when
the Roman Empire was at the zenith of its splendor, and the revival
of Greek letters well in the ascendant, Galen travelled in many
countries and gleaned in each one the rudiments of a wide and
varied experience. Settling in Rome in I62 he quickly established
himself, through art and cunning, as the foremost physician of the
Empire. His curiosity was early aroused in natural functions. He
studied in monkeys and pigs the effects of injuries to the brain and
spinal cord, and in a remarkable piece of descriptive writing he tells
us in the minutest detail the symptoms which follow complete tran-
section of the spinal cord at various levels. He isolated the recur-
rent branch of the vagus nerve, which supplies the muscles of the
larynx, finding that the voice disappeared when the nerve was tied
with a ligature but that it slowly returned when the ligature was
loosened. Galen studied every organ of the body including the
heart, the lungs and the liver, and left the fullest account of many
of his investigations. It is recorded that he dictated to twelve
scribes whom he kept constantly at work over a period of many
years, taking down his experiments. But with the death of Galen
in A.D. 20I the curtain of experimental activity falls for nearly
1500 years. I have alluded to him briefly merely to show that he
made a great contribution, but one cannot maintain that our own
methods of scientific investigation are the outcome of a progressive
development dating from that time. Galen influenced men's minds
for many centuries, but not in the direction of experiment.
Between Galen's death and the beginning, of the seventeenth
century scientific knowledge was acquired by the methods of natur-
al philosophy and mathematics. Both were based upon the observa-
tions of everyday life, and little or nothing was put to the test of
experiment. A few physicists, in isolated instances, had made such
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tests, but the general applicability of the method had not been ap-
preciated. As Rosenberger has said, "an individual inventor might
try to win from Nature her secrets through experiment, but a sys-
tematic questioning of Nature was not known" as a method of ad-
vancing science. Early in the sixteenth century Vesalius and Co-
pernicus had been observing respectively the microcosm and the
macrocosm, and their great works-Vesalius on the structure of
the human body, and Copernicus on the arrangement of the uni-
verse--appeared in the memorable year I543. Intellectual activity
of this order had not been witnessed since the days of Aristotle, and
one might add that these two books represent the last of the really
great achievements of the Aristotelian method in science. A new
approach was needed and it was Galileo who paved the way. To-
ward the end of the sixteenth century he made a thermometer,
studied the properties of lenses, and conducted his well-known
experiment on falling bodies from the Tower ofPisa and the Duomo
in Florence. Gilbert, the Englishman, was experimenting with
loadstones. Galileo's pupil, Torricelli, disposed of the myth of
Nature's horror vacui, and in so doing made the first barometer.
These were the rays of sunlight in the great scientific dawn of the
seventeenth century.
BACON
The first to lay hold of the importance of experiment as a
means of advancing all branches of scientific knowledge was Francis
Bacon, Lord Verulam. "Other men said the same in whispers, or
in learned books written for a circle of select readers; Bacon cried
it from the housetops, and invited all to partake. He cried aloud
in a language so marvelous, so appealing, so full of pictures that
every sentence carried the force of conviction." (Thomas Fowler,
Bacon's Novum Organum, p. I26.) Bacon began in the Advance-
ment of Learning (i6o5; see Fig. i) by enunciating the general
principles of the experimental method. "Of such observation," he
says, "there will be hardly any proficiency. . . except there be some
allowance. . . for experiment." And again, "All true and fruitful
natural philosophy hath a double scale or ladder, ascendent and
descendent, ascending from experiments to the invention of causes,
and descending from causes to the invention of new experiments;
therefore I judge it most requisite that these two parts be severally
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FIGURE I.
The title page of the first edition of Bacon's Advancement
of Learning, i6o5 (unreduced).
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considered and handled." Bk. II, vii, i.) A little later in the
Novum Organum he draws the simile of the ants, the spiders and
the bees.
"Those who have handled sciences have been either men of experiment or men
of dogmas. The men of experiment are like ants; they only collect and use; the
reasoners resemble spiders who make cobwebs out of their own substance. But
the bee takes a middle course: it gathers its material from the flowers of the garden
but transforms and digests it by a power of its own. Not unlike this
is the true business of philosophy; for it neither relies solely . . . . on the
powers of the mind, nor does it take the matter which it gathers from natural history
and mechanical experiments and lay it up in the memory whole as it finds it; but
lays it up in the understanding altered and digested. Therefore from a closer and
purer league between these two faculties, the experimental and rational (such as
has never yet been made) much may be hoped." (Novum Orgarnum, Aph. XCV.)
Thus Bacon appreciated that facts obtained from experiment
would have little significance unless correlated, and that their prop-
er interpretation was one of the chief aims of science. But Bacon's
insight did not end here. He realized that the scientist would re-
quire protection, and that progress could be made only through co-
operation and organization. A society must be formed which would
have its own laboratories and scientific equipment with special facil-
ities, such as caves for the study of subterraneal phenomena, high
towers for meteorological observations, experimental stations for
the study of fauna and flora, special rooms for the analysis of heat,
sound, and the transmission of light,-equipment, in short, which
has probably never been realized in any one institution. "Salo-
mon's house" of the New Atlantis in which these things are set
forth (Fig. 2), is familiar to all students of English literature, and
I need not dwell further upon its remarkable prescience. It ap-
peared in I626 as an appendix to the Sylva Sylvarum, a few months
after Bacon's death. The New Atlantis appears to have been writ-
ten about I6I7, and its importance lies not in what it proved, but in
suggesting and pointing the way to organized scientific endeavour.
The first to put Bacon's principles into practice was William
Harvey, and in so doing he laid the foundation of modern physi-
ology and of experimental medicine. As you well know, his lec-
tures on the circulation were first delivered in I6I6, but his book
was not published until i628, the year after the appearance of
Bacon's New Atlantis. Harvey refers to Bacon many times, but in
private conversation it appears that Harvey looked upon the great
Chancellor as a man of thought rather than action, and he would
probably have been displeased had he been told that he was putting
Bacon's ideas into practice. Be this as it may, Bacon's influence on
his contemporaries was greater than that of Harvey, and the great
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dream of the New Atlantis was soon an actuality, for it had served
to stimulate a group of his scientific countrymen, who, in I645, be-
gan to meet together with the avowed purpose of increasing natural
knowledge by means of experiment.
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FIGURE 2.
The title page of the second edition of Bacon's
New Atlantis, 1629 (first edition, i6a6; orignal 5J8"
by 95%f).
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THE ROYAL SOCIETY OF LONDON
The supreme achievements of the human intellect have some-
times been wrought by men who worked alone, their sphere of ac-
tivity being in a rarified atmosphere that few, if any, could pen-
etrate. One might cite Isaac Newton and Willard Gibbs of Yale.
Their work was intensely their own, and few were equipped to en-
visage its significance. The steady march of scientific progress,
however, depends not so much upon individuals as upon groups
who join hands with one another in the pursuit of a common pur-
pose. Bacon realized this, but its acceptance by the Universities
was singularly slow; in fact it was the conservatism of the Univer-
sities that created the great scientific societies of the seventeenth
century.
It is generally stated that the Florentine Accademia del Cimen-
to was the first organized scientific academy. It was founded in
I657 and existed for ten years. Its name, i. e., the Academy of
Experiment, was well chosen,-Galileo being the spiritual father
of the group-and it numbered among its members Galileo's two
most distinguished pupils, Torricelli and Viviani (I632-I717); but
the society soon passed out of existence, and when it lapsed Italy's
high position in science sank, for a time, to one of mediocrity.
Though not incorporated until I662, the Royal Society of Lon-
don really took root as early as I645, quite independently of the
contemporary Italian group, and it can now boast of 270 years of
uninterrupted existence. Its early period is filled with stirring
romance, and, as the Society occupies a unique position in the his-
tory of knowledge I would like now to describe its early history.
It is significant that this body of young enthusiasts who in I645
met together from time to time in a London tavern to discuss 'ex-
perimental philosophy' did not appeal to the Universities for pro-
tection. They sought rather the inspiration of their own inter-
course, and they referred to themselves as the "Invisible College."
The early group was made up of Wallis, Wilkins, Boyle, Ent,
Glisson, Hartlib, Haak, and later, Petty, Ward and Christopher
Wren. After the King was beheaded in I648 their meetings were
less frequent, and a little later they began to convene in the lodg-
ings of Warden Wilkins in the Wadham College at Oxford, the
minutes of their meeting of October 23, i65i being still preserved.
Here Wren joined them, and they added Pepys, Evelyn, Hooke
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and a number of other well-known persons. By i66o the political
situation of the country had become quieter, and the more virile
minds of the day could once more turn their attention to science.
NewAtlantis.
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FIGURE 3.
The title page of the 'Continuation' of Bacon's New
Alantis by 'R. H., Esq.'
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The number of the "Invisibles," as they still called themselves,
began to increase, and, feeling the need of a more definite organiza-
tion, they met on November 28, i66o, after Wren's mathematical
lecture at Gresham College "in Mr. Rooke's [sic] apartment,
where amongst other matters discoursed of, something was offered
about a design of founding a college for the promoting of physico-
mathematical experimental learning." A subscription of a shilling
a week was settled upon, a fee which persisted into the nineteenth
century. For two years the body continued to meet under this ten-
tative organization, and on July I5, I662, they received a royal
charter from the Merry Monarch, who, with all his faults, had the
FIGURE 4.
Bacon's description of the personnel of the scientific college, Salomon's House.
(pp. 43 and 44, second edition, I629.)
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redeeming virtue of a sincere and genuine interest in the progress
of science.
During these two formative years there was a burst of literature
relating to the new scientific foundation. In I659 John Evelyn, the
diarist, formulatedin a letterto Boyle', his plan forthe establishment
of a scientific college, and as early as I66I he had referred in print
to the group as the "Royal Society."** Abraham Cowley, the poet,
in March of i66i published a little pamphlet entitled A Proposition
for the Advancement of the Experimental Philosophy which he ded-
icated "To the honorable society for the advancement of experimen-
tal philosophy". More significant than these, however, was an edi-
tion of Bacon's New Atlantis published in September, i66o, with a
sequel written by "R. H., Esquire, wherein is set forth a platform of
monarchial government with a potent intermixture of divers rare in-
ventions and wholesome customs, fit to be introduced into all king-
doms, states, and commonwealths."` This served to bring Bacon-s
principles before their minds, and it is now generally con-
ceded that Bacon was the chief inspirer of the founders.""
Bacon's ideas concerning the personnel of a scientific college (Fig.
* Published in Boyle's collected works, I744, V, 397-99.
**Translation of Gabriel Naude's Avis pour dresser une Bibliothe'que. Intro-
duction p. iii, London, i66i.
*** For some unknown reason the 'Continuation' of the New Atlantis by R. H.,
Esq. has become an extremely rare book, having only once been encountered in
Book Auction Records during the last twenty years, and it is not in the Bodleian
Library, Oxford. A rather badly cropped copy, however, is in the Sterling
Memorial Library of Yafe University, and the title page in Fig. 3 was taken from
this. Professor R. F. Jones of Washington University, St. Louis, has directed my
attention to Edmund Freeman's discussion of the authorship of this edition of the
New Atlantis published in the Modern Language Review, I924, XiX, pp. 291-300.
**** Bacon has also influenced modern members; thus, writing in I923, C. S.
Sherrington, then President of the Royal Society, remarked "Bacon had outlined
what to many seemed a sort of prototype foreshadowing the Royal Society itself:
'a College,' his words run, [see Fig. 4] 'for the obtaining of knowledge of the
causes of things.' He described that College's prospective grounds and apartments,
and then enumerated its Fellows and their functions."
" 'Of its Fellows,' wrote Bacon, 'twelve there be that sail into foreign countries
to bring patterns of experiments from all other parts. These we call merchants of
light. Then three we have that collect the experiments which are in all books.
These we call depredators' . . . 'and,' he continued, 'on our foundation we
have three Fellows who all their days try new experiments such as themselves think
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4) are often referred to by the early members of the society, and
evidence of his influence is also seen in the engraved frontispiece
(Fig. 5) of the first 'History' of the Royal Society written only
five years after its foundation by Bishop Sprat. In this one sees the
royal founder on a pedestal, the firstpresident on the left and Bacon,
described as Artiumn Instaurator, on the right. Around the room
are various books and astronomical instruments, and above, the
arms of the society with the motto, Nullius in Verba, implying that
they stand, not for words, but for action. The engraving was de-
signed by Evelyn and executed by Hollar.
From the beginning, the deliberations of the Royal Society were
carefully recorded by their industrious secretary, Henry Oldenburg,
and his copious minutes are still in existence. In 1756 those from
i66o to I687 were published by Thomas Birch, a later secretary of
the Society.' In the pages (see Figs. 6 and 7) of this extraor-
dinary four volume work one sees modern science in its stripling
clothes. All the demonstrations carried out before their meetings
are recorded-various experiments such as weighing the air, de-
termining the magnetic attraction of loadstones at varying distances,
blood transfusions, the development of a chick in an egg, the nature
of muscular contraction and other important subjects, too numerous
to mention, are carefully described. We read in the minutes of the
exchange of letters between the Royal Society and various distin-
guished foreign scientists. Malpighi communicated with them at an
earlydate, and the Society was so impressed with what he wrote that
they undertook to publish nearly all his writings.
Some of the printed pages of the minutes might well be photo-
graphed and framed. Thus on page I8I of vol. 3, under February
II,i 674, one finds that Dr. Croune, the founder of the Croonian
good. These we call pioneers.' Today, on the completion of its two hundred
and sixty-first year of existence, the Society finds itself able to fulfil, and is ful-
filling, closely this particular of Bacon's enthusiastic imagining. Three Fellows on
its Foundation to 'try all their days new experiments such as themselves think
good.' Like Lord Bacon we may well designate them pioneers. And also we
shall think of them as Yarrow Professor Alfred Fowler, Foulerton Professor Ernest
Starling, and Yarrow Professor G. I. Taylor. Let me add how earnestlv we wish
them all success in their 'new experiments such as themselves think good.'"
(Sherrington)
* Under the title The History of the Royal Society of London. London:
A. Millar. 4 vols., I756-57.
309YALE JOURNAL OF BIOLOGY AND MEDICINE
Lectures, had read a discourse on the flying of birds. This was fol-
lowed by an active discussion of the means by which man might be
enabled to fly.
Sir William Petty mentioned, that perhaps it might prove of use to consider,
whether gunpowder, being of so great and quick a force, might not be slackened to
give a slower motion, as in the mortar-piece the shell is much more slowly carried
through the air than a bullet out of a musket.
Some said, that it would be of real use to contrive something for flying, if it
were but to raise a man so high, as to fly over a wall, and the besiegers of a town
to carry and bring back intelligence.
On the same page under February I8 we read: "Mr. Isaac
Newton, James Hoare, junior, Esq; were admitted." Momentous
indeed was the day in which Isaac Newton was made a member!
Some idea of the diversity of subjects considered may be gained
from readingat random the notes of a given meeting. Thus on July
3, i66i:
Mr. Powle offered to the society to employ himself in the country about any
thing, which they should direct him to.
He was desired to speak with Mr. Wren about the lunar globe, and the pictures
of small insects by the microscope:
Mr. Croune to procure, against the next meeting, some fresh vipers; and the
operator to provide fresh hazle-sticks.
Mr. Evelyn presented his relation of graving and etching; and, after public
thanks returned to him, was requested to transcribe it.
The experiment of compression of water was made by Dr. Goddard, the ac-
count of which he brought in, and was desired to proceed farther in it.
Dr. Wilkins and Dr. Goddard were desired to provide a glass fountain globe
with a syringe from Greatericks.
It was ordered, that the amanuensis nip up bubbles till they almost sink, and
try whether they will sink by compression of water in a glass-tube:
And that the experiment of two flat marbles be made at the next meeting.
Dr. Wilkins produced a letter from Mr. Wren.
On the following week we read:
Mr. Croune produced the vipers, and the operator the fresh hazle-sticks, both
ordered at the last meeting; with which the experiment was tried, but failed.
Mr. Croune and Mr. Vermuyden undertook to try the experiment of tormenting
with the sympathetic powder; and the amanuensis was ordered to try the like with
common vitriol.
A fountain-bottle was directed to be provided, without a pipe to the bottom,
as also a syringe.
An account of the lord viscount Brouncker's experiments of the recoiling of
guns was read by Mr. Rooke, and presented to the society. Upon which, public
thanks were returned to his lordship, and he was desired to prosecute his experi-
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ments; and the account of them was ordered to be registered; which wasP according-
ly done; and it was afterwards publi3hed by Dr. Sprat.
The amanuensis produced the nipped bubbles, according to order; and trial
being made, they did not sink by compression of the water.
Mr. Rooke read his paper of observations of the eclipses of the satellites of
Jupiter; for which thanks were returned to him, and he was requested to publish
it. It was entered into the register-book, and printed by Dr. Sprat.
Mr. Boyle made his experiment of two flat marbles, and forty-two pounds was
taken up by them.
Andrew Ellise, esq; was proposed as a candidate.
s663.] ROYAL SOCIETY OF I.ONDON. 337
Out of this new COUNCIL were ele&ted for officers
The lord Vifcount B&OUNCsCzR, prefident.
Mr. HILL, trcarurer.
Dr. WILwINs, fecretariC Mr. OLDENIURO, tais
Of the ten new members of thc COUNCIL Wrec fwom by the prelident
Mr.HOWARtD. Dr. MasRET.
Sir ANTHONY MooAtsA. Dr. WHISTLSI.
Sir PaTIR WYCHt. Mr. HOsKYNs.
Mr.COLWALL.
Mr. HILL WAS (worn treafurer.
D,tcskr 2. Mr.COLWALL prefented theSocietywith fiftypounds, making it
withal his requeft, to be permitted tb continue his weekly payments, from the ob-
ligaton ofwhich the ftaeute concerning benefaftors difcharges all fuch fellows, as
Xl prefent to the Society fuch s fum of money. He had their publicthanks for
is liberality; and it was ordered, that he lhoutl be recorded as a benefa*or to
the Society, with the expremon ofhisdcfire not to be exempted fromthe ordinary
payments for the future.
Dr. WILLINS acquainted the Society, that he had received an anfwer from
Dr.CHRISTOPrER sWREN, concerning hi promifed weather-cock, together with
the fcheme thereof. The smanuenfis was ordered to draw the *cheme in great
ainft the next meeting, at which itIhould beconfidered, tgether with the let-
aer deferibing it.
Mr. Hoocst informedtheSociey, thathehadfpoketo Mr.THOMPSON, to make
prince RuPIRT!s perfipeve-initruiment, together with his additions.
The opertor was put inmind, ofre&tifying the thermometers fiandard againft
the next meeting.
Mr. BOYLE defired, that obfrvations might be made, whether fometimes the
wather does not appear more cold by the thermometer than to men. Some of
,the Society affirmed it to do fob and in particular, that in cold dry weather, the
thermometer would be more affeed than men; but in cold moift weather, the
contrary. It was moved, that in making the obfcrvations, care Ihould be had
to inquire, whether this difference be found by others, as well as the members of
the Society.
r.BOYLE defired alfo, dat in uiry might be made, whether there be not
qsterdegrees ofcold than is necerary to glaciation ? And whether water turned
nto ice *lay not be advanced to agreater degree of cold ? As alfo, whether there
may not be crtain things, that may produce the famc eEfeats, that cold doth, in
VOL.L X x fowe
FIGURE 6.
A page from Birch's History of the Royal Society,
vol. i, recording the election of the officers of the Royal
Society the year after its incorporation. Note also
Boyle's observation on thermometers.YALE JOURNAL OF BIOLOGY AND MEDICINE
The page reproduced in Figure 6 relates to their earliest elec-
tion after receiving the charter from the King. The annual meet-
ing of the Society is always set for St. Andrew's Day which falls on
the 30th of November. It is customary to print a ballot sheet with
the names of all the members. By an extraordinary coincidence it
was my good fortune to find several years ago a copy of the first
printed ballot sheet of November 30, I663. It is a most inter-
esting document, and it tells us the names of all the charter mem-
bers of the Society, some I30 in number. Since their first St.
Andrew's Day the Society has never failed to have an annual meet-
ing on this festival, unless it fall on Sunday, as was the case this
year, and it may interest some ofyou toknowthat Sir Ernest Ruther-
ford, the physicist from Cambridge, retired from the presidency
two weeks ago and has been succeeded by Sir Frederick Gowland
Hopkins who will remain in the Chair for a period of five years.
The presidency of the Royal Society is the supreme honour that
can come to a British man of science, as you will readily appreciate
when reminded of the names of Newton, Davy, Huxley, Lord
Kelvin, Lord Lister, Lord Rayleigh, Crookes, J. J. Thompson,
Sherrington and Rutherford. The outstanding characteristic of all
these persons is that they have been masters of experimental tech-
nique.
The mention of St. Andrew's Day has carried us down to
modern times, and we must return again to the deliberations of
the Society in the seventeenth century.
One of the questions which was actively discussed by the early
members was that of blood transfusion. In Figure 7 is shown one
of the pages in which the question is considered. It is interesting
to realize that blood transfusion was probably first suggested by
the architect, Christopher Wren, and we might pause for a moment
to consider his early career, for he illustrates in a remarkable way
the versatility and omnivorous curiosity of that virile age. Born
in I632, Wren attended Westminster School where he distinguished
himself at mathematics and in Latin verse. He left Westminster
at the age of fourteen and became Sir Charles Scarborough's dem-
onstrator in the anatomical theatre at Surgeon's Hall in London;
there he had unusual opportunities to dissect, and apparently on his
own initiative he developed exceptional skill in injecting anatomical
specimens. In I649, at the age of seventeen, he went up to Oxford
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as a Fellow-Commoner of Wadham and took his degree in i65I,
after which he was elected Fellow of All Souls (I653) about the
time of his twenty-first birthday. Wren remained in Oxford until
I657 when he accepted the Chair of Astronomy at Gresham College
216 THE HISTORY 'OF THE [1667.
Mr. COCA, the firlt perfon in England, onwhom the experiment of transfiuGon was made oni the 23d inftant, by order of the fociety, od by the management of Dr. LOWER ancl Dr. KivcG', according to the method brought in by the latter, O6tob. 24, 1667, and ente ed in the regifter.book, prefene himfelf before the foctery, and produced a Latin- paper ot his own, giving an account of what he h.rrd obferved in himfelt fince hc underwent the faidexperiment: which was or- dered to be filed up, and Dr. LowRt and Dr. KINo werm defired to give in their accounts of the experiment.
It was ordered likewire, that Mr. CoCA being willing to have the experiment repeated on him, it fhould be tried again accordingly, when the phyricians of the fociety Ihould judge itfeafonable.
Mr HooKe being called upon for an account of the experiment which he un. dertook to try in private, ofpalling the blood of a dog from one ride to the other without itspalling through the lunigs, faid, that he had attempted it,butsthat Itdid not fucceed fo well as he wifhed s but that he thought he had now devifed a method of making it flicceed as Iie defiredt, of which he hoped to givethefaoiety a good account at the ncxt tneeting.
Mr. OLDENBURO acquainted the fociety, that he had received Ibme new exPe., riments about light and air from Mr. BOYLE tO be communicated to them * which were read, and ordered to be regiicred %.
It was ordered, that thefe experiments (which were feveralphanomena of rottn Ihining wood inclofed in areceiver of the rarefying-engine, and having the air ex-
s Mr. OLDsNBURG in his letter to Mr.BoaLE
of the a5th of November, cited in the pre-
cedingnote, takes notice. that this experitrent
wa performed at Arundel-hou(e in the prefenee of many fpeastors, among whom were Mr.
HsNxt HOWAID and both his fons, the billop of SALISVP.T. four or five phyficians, fome
parliment-men, &c. and that Dr. KINa per formed the chief part of it with great dexteriy.
sad fo mach cafe to the patient, that he mad. not
the eagS complaint, nor so auch as any grimace, duain' the whole time of the operation: that he
*ond himfelf very well upon it, his prtfe and
appetite being better than before hit fCep good, his body as foluble as ufual. it being
obferved. that the fiam day he had three or
four tools, as he fkd to have before. On the
morning ofthe date ofMr. OLDzo Vaun's leter,
the loard vifcoant BDouNcxnL, who on account
of very prefing bafinefs could not be preftnt at
te opertion, and Mr. OLDENnaWaO weat to fee Mr. Coc pretty esrly, and found him in bed, very well, as he affured them, and more com. As, as i bohi armed, than before. Dr.
Ktlstie;ewife in his letter written the fameday. and cited above, remarks, that after the open. tion the patient was well and merry, ad drank a glafa or two of Canary, and took a pipe of to. baco in the prefence of forty or more perfomn a then went home. and contiaued well all day, having three or four llools, as he ufod to have, his pulf beirg tranger and fuller than before. and he very faber and quite. more tha before, as the people of the houae fAid, who thought. that he had only been let blood. In the augh heIept well, but fweat two or threehour., sad next day was very well, and fo remained, and
was very willing tolIave theexperiment repeated hi, arm beisg he faid, well. A perfonaikiog him, why he bad not the h ood of (ome othee creature inftiad of thit of a rfaep traadfld into him, he anfwered, Sawgic em;s1jmoWkil fee. dam fealcratee &att cm cue fangaier C i0i. f1i0. Cbriflm, eft agnxs Dti.
a Rrgiller, vol. iii. p. 239. They ae pnit in the Philof. Tranlaf. an 31. p. 8s. for Jan. n66w.
haufted)
FIGURE 7.
Another page from Birch's 'History' recording the
first observations on blood tranfusion.
in London, but in i66o he returned to Oxford to the Savilian Pro-
fessorship of the same subject. Sometime before I663 he assisted
Thomas Willis, physician of Oxford and member of Christ Church,
in preparing drawings of anatomical dissections, and Willis men-
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tions that Wren made the remarkable figure of the base of the
brain which shows so clearly the arterial circle. I have always sus-
pected that it was Wren and not Willis who made the discovery of
the circle, for the vessels that he drew had evidently been injected
and the plate itself is very much clearer than Willis's description in
the text.
Wren, as I have just said, was also responsible for directing
interest to the possibility of blood transfusion. His experience with
injections naturally had led him to consider the possibility of in-
troducing substances into the blood-vessels of living animals. This
he did sometime before I657, and Sprat records that "by this Oper-
ation divers Creatures were immediately purg'd, vomited, intoxi-
cated, kill'd, or reviv'd, according to the quality of the Liquor in-
jected: Hence arose many new Experiments, and chiefly that of
Transfusing Blood, which the Society has prosecuted in sundry
Instances, that will probably end in extraordinary Success." Actual
transfusions were eventually carried out by Lower in i665. Sev-
eral human beings were transfused in I667 without ill-effect, but
fears were aroused when dogs which had been transfused were found
subsequently to "piss blood". However, it was confidently be-
lieved by some that the senile could be rejuvenated, and consci-
entious objectors made more war-like by giving them a little fight-
ing blood.
But to return to Wren; Sprat* describes many other of his
activities during this early period. One finds sentences such as:
He has invented a very curious and exceeding speedy way of Etching. He
has started several things towards the emendation of Water-works. He has made
Instruments of Respiration, and for straining the breath froin fuliginous vapours,
to try whether the same breath so purify'd will serve again.
He was the first Inventor of drawing Pictures by Micrdscopical Glasses. He
has found out perpetual, at least long-liv'd Lamps, and Registers of Furnaces, and
the like, for keeping a perpetual temper, in order to various uses; as hatching of
Eggs, Insects, production of Plants, Chymical Praeparations, imitating Nature in
producing Fossils and Minerals, keeping the motion of Watches equal, in order to
Longitudes and Astronomical uses, and infinite other advantages.
Boyle, who also refers frequently to Wren, describes at great length
in the Usefulness of Experimental Philosophy, i663, an operation
devised by Wren for the removal of the spleen. It is a most
creditable surgical procedure and it is interesting that to diminish
*Sprat: Hist. Royal Soc., London, I667, pp. 3I6-17.
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suppuration he recommended dressing the wound with an aromatic
oil which almost certainly possessed antiseptic properties.
Wren, while still in his early twenties, astonished the mathe-
maticians of his time; he had the devastating faculty of solving
without difficulty 'propositions' which had been abandoned by his
seniors. In i656 he solved a problem proposed to the Geometers
of England by Pascal, and he was indecent enough to return to
Pascal a problem over which the French savants spent four years
without success. Isaac Barrow referred to Wren at this time (be-
fore he had turned his energies to architecture): "As one of whom
it was doubtful whether he was most to be commended for the
divine felicity of his genius or for the sweet humanity of his dis-
position-formerly, as a boy a prodigy, now, as a man a miracle,
nay even something superhuman."
I need only add that he began to build the Sheldonian Theatre
at Oxford, his first effort in architecture, in I663, when he was
thirty-one (before the Sheldonian existed all University ceremonies
took place in St. Mary's), and he completed his plans for St. Paul's
Cathedral in I675. You will thus see why the present Warden of
New College* lately astonished his audience by remarking that
Wren was possibly the greatest Englishman after Shakespeare.
I cannot consider the other members of the Society in this detail.
Boyle and Hooke were similarly versatile, and their careers are
almost as remarkable as was Wren's. Evelyn and Pepys scarcely
require comment. Some of the more obscure characters such as
Power, Finch, Baines, Croone and Grew are also of unusual in-
terest and will repay careful study.
The experimental philosophy seemed at first so new and strange
that various of the members of the Society soon sought to justify
their activities. Robert Boyle, in I663, wrote an elaborate work
entitled The Usefulness of Experimental Philosophy in which he
dwelt at considerable length upon the advantages of the experi-
mental, as opposed to the metaphysical, approach to the universe.
The book is filled with observations and reflections of the greatest
interest, and in it Boyle reveals himself as a physiologist of high
order. He had studied the respiratory mechanism, had carried out
investigations on digestion, and innumerable experiments on chemis-
try. Sprat's History of the Royal Society, already mentioned, was
* The Right Hon. Herbert A. L. Fisher. The Rhodes dinner, Nov. 8, I929.
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written largely for the purpose of justifyiing its activities. One
of the most interesting books of this character was Joseph Glanvill's
Plus Ultra, published in i668. (Fig. 8) He tells of experiments
carried out by members of the Society, dwelling particularly upon
Robert Boyle, but the book served to arouse the antagonism of one
Henry Stubbe, a physician of Warwick, who very soon retorted by
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FIGURE 8.
The title page of Glanvill's Plus Ultra in which he attempted to justify the
activities of the Royal Society, and Henry Stubbe's rejoinder. (Much reduced.)
writing a long pamphlet entitled The Plus Ultra reduced to a Non
Plus! The table of contents indicated c;n Stubbe's title-page will
well repay careful study. Stubbe is said to have been disappointed
because he was not elected to the Society and he attacked it in
a number of other pamphlets printed about this time. (Figs. 9
and io) He urged in rather intemperate language the virtues of
the Aristotelian method in science, and stated that the experimental
philosophers were breaking with the high traditions of classical
learning. There is a singularly modern air about Stubbe's writings,
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FIGURE I0.
Two other attacks on the Royal Society by Henry Stubbe.
and if one has had contact with certain factions in the classical schools
of modern times one sees that the spirit of classicism dies hard.
Not only did the 'experimental philosophers' seek to justify
themselves by direct statement, but they also elected to do so in a
much more telling way, i.e., by publishing their transactions. The
Philosophical Transactions, as they were called, began on March
6, i664/5 and, apart from a brief interruption from I678 to I683
when the funds were low, they have continued until the present.
It is therefore the oldest scientific journal in existence and its col-
umns represent a cross section of the history of science during the
great epoch of the experimental method.
I have mentioned that the published minutes of the Society
ended in I687, and it is this year which, in a very real sense, marks
the beginning of modern science. The Baconian theory was now
to see its full fruition in a work that is justly regarded as the
supreme masterpiece of human genius. Newton's Principia was
j
j
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FIGURE II.
The title page of the first issue of the first edition of Newton's Principia.
(reduced ¼4.)
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published in the midsummer of I687. It had been long passing
through press, and when eventually the Society ordered it to be
printed, Samuel Pepys, the diarist, happened to occupy the presi-
dential chair. We therefore find on the title page this surprising
union of names: "Js. Newton, . . . Imprimatur S. Pepys"
-the new and the old-Pepys, the credulous, gossiping bon-vivant,
who, though a man of wide experience, was not formed on a
scientific mould; Newton, who walked on a plane above ordinary
men in order to see the ultimate ramifications of the universe.
Surely no contrast could be greater.
One would like to think that Newton was a direct product of
the new experimental philosophy, but as already mentioned, he
worked very much alone, and it is difficult, in studying the details
of his life, to estimate the importance of the various factors which
shaped his scientific career. He was brought up on the new physics
of Galileo, he studied assiduously the work of Robert Boyle, and
undoubtedly he felt the inspiration of their great example; but one
must freely admit that the world might have waited another cen-
tury for Newton, and had this occurre-d it is improbable that any-
one else would have grasped the laws of gravitation as he did, or
have given his rigid mathematical proof.
CONCLUSION
A consideration of the past is of little value unless it serves
to guide us in studying the problems of the future, and in closing
I would like to say a few words about the present trends in science.
We have seen that the scientific revolution of the seventeenth
century came about when men looked up from their classical texts
to see the world about them. The Universities, instead of accept-
ing the new spirit which was swaying men's thoughts and trans-
forming their lives, stood out against it for a full 200 years. They
continued to foster classical learning, and science as such remained
outside their walls. The assimilation by the Universities of sci-
entific ideals has occurred almost entirely within the last 50 years,
and the remarkable renaissance that has come about in university
life during this period can scarcely be regarded as a coincidence.
Nevertheless, our position as scientists in universities is not wholly
secure. We are in a sense still on trial, more so perhaps abroad
than in this country. In England, for example, scientific depart-
ments are, in the minds of some, still an unwelcome adjunct to
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the University. The Royal Society and Royal Institution wield
far greater power than do all the scientific departments of Oxford
and Cambridge. This will continue to be true until the scientific
faculties come into their own and are accepted as an integral and
necessary part of the commonwealth of learning. When this occurs
the Royal Society will have served its period of usefulness and
some feel that its raison d'e'tre will then be past. However, in a
conservative country such as England, this may not come about for
several centuries.
The growth of scientific iinstitutions outside the Universities
was necessary in the seventeenth and eighteenth centuries* if science
were to exist at all. Now, on the other hand, we must look upon
the rise of extramural organizations with the gravest concern, for,
in a sense, they are a reflection upon our position within the Uni-
versity. The great commercial laboratories of the electrical com-
panies, drug houses and photographic concerns were established
to meet practical needs which had not been met within our walls.
Ihese selfsame laboratories have begun to consider other problems
and to assume an importance equal, in many cases, to corresponding
scientific cfepartments in the Universities. I think this is wrong,
and the only way in which we can stem the growth of such in-
stitutions is to take up the problems which they consider, and to
deal with them more effectively. It is vital that we do this if our
ethical traditions are to mean anything in the world at large. The
great commercial laboratories will inevitably exploit scientific
achievement in a way that will cast reflection upon us, and weaken
our position. Though the ethical standards of the many other
extramural scientific foundations are higher, one looks forward in
the interests of science to the time in which they will be incorporated
into the Universities.
* It is impossible here to give a detailed bibliography of the extensive literature
relating to the growth of experimental science in the seventeenth and eighteenth
centuries. Attention;, however, should be directed to the remarkable book, The
Ro^le of Scientific Societies in the Seventeenth Century, by the late Martha Orn-
stein [Bronfenbrenner], originally printed in 1913 as a thesis for the degree of
Doctor of Philosophy at Columbia University, and in I928 reprinted by the Uni-
versity of Chicago Press. Here one will find full description of the origin of the
Italian, French and English scientific societies. Her treatment of the Royal So-
ciety of London, though admirable, has been superseded by the work of Irvine
Masson (Three Centuries of Chemistry, London, Benn, 1927, chapters 3 and 4,
"The Founding of the Royal Society, 0640-0665").
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